Introduction
============

Securing adequate mobilization and preserving the blood supply to the organ ends are required to ensure safe gastrointestinal anastomosis [@B1]. Colorectal anastomosis failure contributes to both the morbidity and mortality of patients undergoing rectal surgery and the increased risk of local cancer recurrence [@B2]. The use of splenic flexure mobilization (SFM) during anterior resection (AR) or low anterior resection (LAR) can facilitate tension-free anastomosis with an adequate cancer-free margin by straightening a splenic flexure colon. SFM was routinely performed in the past; however, some surgeons now use it only when necessary because it is a difficult step within both conventional and laparoscopic procedures and may require more time, patient repositioning, a longer incision, or additional port insertion [@B3], [@B4]. SFM is considered more difficult in laparoscopic colorectal resection than in open surgery and is usually done only in selective cases [@B5]. According to a mail-in survey completed by 35 experienced laparoscopic colorectal surgeons, SFM is one of the hardest procedures to perform [@B6]. However, many surgeons still believe that SFM is necessary to ensure a tension-free and well-vascularized anastomosis. Considering this controversy, we believe it necessary to determine how much colonic redundancy can be obtained by SFM to identify whether colorectal surgeons should do it or not.

Two cadaveric studies recently demonstrated the degree to which the use of SFM could lengthen the colon [@B7],[@B8]. However, no study has measured colon elongation by SFM during actual surgery, especially in laparoscopic surgery. In this study, we aimed to determine the possible degree of obtainable redundancy of the colon by SFM in laparoscopic AR or LAR and evaluate the safety of SFM.

Patients and Methods
====================

Patient enrollment
------------------

The data of 203 patients concerning colon elongation by SFM in laparoscopic AR or LAR at the Department of Surgery, St. Vincent\'s Hospital, The Catholic University of Korea, from July 2009 to November 2012 were available. 110 of these patients had rectal cancer, 32 had rectosigmoid junction colon cancer, and 61 had sigmoid colon cancer. Of the 110 patients with rectal cancer, 70 underwent neoadjuvant chemoradiotherapy. After receiving institutional review board approval, we studied retrospectively these 203 patients who had undergone laparoscopic AR or LAR with SFM for the treatment of sigmoid colon or rectal cancer.

Surgical procedure
------------------

All the surgeries were performed by 3 colorectal surgeons.

### 1) Mobilization of the mesocolon

Before dissecting the colon, we placed a surgical clip on a sigmoid-descending (SD) colon junction to mark the spot "A" (Figure [1](#F1){ref-type="fig"}). After performing high ligation of the inferior mesenteric artery (IMA), we separated the retroperitoneum from the mesocolon of the descending and transverse colon from the medial to the lateral side. We thought it best to perform this procedure after the high ligation since the avascular plane can be found more easily. We dissected the retroperitoneum laterally to the level of the descending colon and then to the lower border of the pancreas superiorly. Next we detached the descending colon from the parietal peritoneum. Since the retroperitoneal dissection had been performed from the medial side, this was completed without much difficulty.

### 2) Mobilization of the splenic flexure

After detaching the colon from the parietal peritoneum, we changed the patient\'s position into a reverse Trendelenburg position, detached the omentum from the transverse colon starting at the level of the falciform ligament and extending to the splenic flexure colon, and then entered the lesser sac. We subsequently separated the lower border of the pancreas and the transverse mesocolon to the point at which the inferior mesenteric vein (IMV) and splenic vein were visible.

### 3) Ligation of the inferior mesenteric vein

After moving the patient back to the Trendelenburg position, we ligated the IMV at the level below the pancreas. We then resected the mesocolon up to the marginal vessel. Here we regarded ligation of the IMV after the left colic vein converged to the IMV as a high ligation and ligation of the IMV before the left colic vein converged to the IMV as a low ligation. When we performed high ligation of the IMV, we always ligated the left colic vein and artery in the same operational field as the IMV ligation (Fig. [2](#F2){ref-type="fig"}).

### 4) Measurement of the length of the elongated colon

After we resected the rectum by using laparoscopic stapling devices, the specimen was delivered to the extraperitoneal space through a Pfannenstiel incision. Measurement of the obtained redundancy of the colon after SFM was done from the sacral promontory to the marked spot "A" (Fig. [3](#F3){ref-type="fig"}).

### 5) Other

After measuring the obtained redundancy of the colon, we resected the proximal colon, retained an adequate resection margin, and performed anastomosis by using a DST EEA^TM^ (Covidien, Mansfield, USA). When a patient underwent neoadjuvant chemoradiotherapy before the surgery or the anastomosis was \<5cm from the anal verge, we created a temporary diverting stoma.

Parameters
----------

We analyzed the following data: 1) distance between the marked spot "A" and the sacral promontory after SFM; 2) distal resection margin; 3) proximal resection margin; 4) the length of specimen; 5) total operation time; 6) the time required for SFM; and 7) the ratio of the time required for SFM and total operation time. Distal resection margin, proximal resection margin, and the length of specimen were measured immediately after the resection (before fixation for pathologic evaluation). We analyzed the intra- and postoperative complications, especially anastomosis leakage.

Statistical analysis
--------------------

Continuous variables were compared by using Student\'s *t*-test and expressed as means ± SD. Categorical variables were analyzed by using the χ2 test. Significance was defined as values of P ≤ 0.05. All statistical analyses were performed by using the Statistical Package of the Social Sciences (SPSS) version 12.0 for Windows (SPSS, Inc., Chicago, IL, USA).

Results
=======

This study included 121 males and 82 females. The mean patient age was 64.56 ± 11.11 years (range, 36-90). The mean body mass index was 24.03 ± 3.62 kg/m2. Table [1](#T1){ref-type="table"} shows the data of all 203 patients enrolled in this study. The obtained redundancy of the colon by SFM was 27.81 ± 7.29 cm. The mean time required for SFM was approximately 10% of the entire operation time.

The obtained redundancy of the colon in the high ligation group (29.54 ± 7.17 cm) was more than that in low ligation group (24.94 ± 6.07 cm; P \< 0.0001). There were no significant differences in operation time or the time required for SFM (Table [2](#T2){ref-type="table"}).

We analyzed the subgroups by using the operation method (AR, LAR, and LAR with diverting stoma) to identify the oncological safety and the time required for the operation and SFM. The obtained redundancy of the colon did not differ significantly among the 3 groups. The AR operation time was shorter than that of LAR and LAR with diverting stoma (228.58 ± 39.69 min, 267.15 ± 41.56 min, 294.37 ± 52.17 min, respectively; P \<0.0001). The time required for SFM did not differ significantly among these 3 groups as well. SFM in LAR with diverting stoma required a significantly smaller portion of the entire operation time (P \< 0.0001) (Table [3](#T3){ref-type="table"}).

There were no intra-operative complications during SFM such as splenic injury, bowel injury, or unexpected bleeding. In the postoperative period, 7 patients (5.6%) who underwent LAR (39 patients) or LAR with diverting stoma (86 patients) experienced complications of the anastomosis site. Six patients (4.8%) experienced anastomosis leakage, while one patient (0.8%) had proximal limb ischemia. Among the 6 patients with anastomosis leakage, 5 had undergone neoadjuvant chemoradiotherapy before the surgery, LAR with a loop ileostomy. The other patient with anastomosis leakage underwent subsequent diverting loop ileostomy. The leakages in all 6 patients were minor. All of the diverting stoma of the 6 patients with anastomosis leakage were reversed according to our institutional protocol (approximately 3 months after creation). One patient who had proximal limb ischemia, the most serious complication noted in this study, underwent a Hartmann colostomy that has not yet been reversed.

Discussion
==========

Tension-free and well vascularized colons are required for safe colorectal anastomosis in AR or LAR. For this reason, colonic elongation is mandatory. Two steps are involved in this process during AR or LAR: high ligation of the IMA and SFM. Although high ligation of the IMA carries the risk of compromising the blood supply to the left side of the colon, it is necessary to ligate the IMA near its origin at the level of the aorta for colonic mobilization as well as to ensure maximal lymph node clearance [@B9]. However, debate remains whether it is necessary to routinely or selectively mobilize the splenic flexure during AR or LAR. Some surgeons who are opposed to routine SFM question whether SFM is a mandatory step in anterior or low anterior resection [@B9]-[@B11]. They insist that selective SFM does not increase the risk of anastomotic leak or oncological compromise. On the other hand, other surgeons still believe that routine SFM is necessary to ensure a tension-free, well-vascularized anastomosis [@B12]-[@B15]. Although there are some risks associated with SFM, the frequency and magnitude of morbidity (postoperative bowel function, permanent stoma rate, and oncologic outcome) and mortality from anastomotic complications far outweigh the risks associated with SFM [@B14]-[@B16].

SFM is challenging because of the requirement for extensive posterior dissection while the vascular supply to the hind gut is preserved via the marginal artery. Also, SFM during laparoscopic AR or LAR may be associated with longer operation time, patient repositioning, additional port insertion, or splenic injury [@B17],[@B18]. A mail-in survey of 35 experienced laparoscopic colorectal surgeons showed that SFM is one of the hardest procedures to perform[@B6]. In our study, we did not experience any complications related to SFM such as spleen injury, bowel injury, or unexpected bleeding. The mean time required for SFM was 25.61 ± 10.56 min, while the ratio of the time required for SFM to the entire operation time was 9.82% ± 3.94%. In particular, SFM in a LAR with diverting stoma (8.27% ± 3.06%) took a significantly smaller portion of the entire operation time than that in AR (11.45% ± 4.46%) or LAR (9.86% ± 3.18%) (P \< 0.0001) (Table [3](#T3){ref-type="table"}). In our study, all operations were performed by 3 surgeons with subspecialty for colorectal surgery in St. Vincent\'s Hospital of the Catholic University of Korea. In our hospital, approximately 250 operations for colorectal cancer are performed annually. We performed approximately 90% of colorectal cancer surgeries laparoscopically during this study period. These findings suggest that SFM during laparoscopic AR or LAR performed by an experienced hand is safe and feasible, rather than time-consuming as thought previously.

Until now, no report has detailed how much redundancy is actually accomplished by SFM. There were 2 recent cadaveric studies for the elongation of colon by SFM [@B7], [@B8]. A study with 20 cadaveric models demonstrated that a mean 28.3-cm mobilized colonic segment was achieved after full mobilization of the distal transverse colon. These authors regarded full mobilization as detachment of the distal transverse and descending colons by using the same method as ours and high ligation of the IMV [@B7]. Another study with 13 adult fresh cadavers demonstrated that the length of colon gained after high ligation of IMA and IMV and SFM (28.75 ± 5.72 cm) altogether was greater than that after any of the other procedures (low IMA ligation with high ligation of IMV and SFM, or low IMV ligation with SFM and high IMV ligation, and etc.) [@B8]. However, these studies were performed with cadaveric models. In our study, the measurement of actual viable specimens in real operation field was performed. We measured the distance between the marked "A" spot and the sacral promontory after SFM in all cases. Our results were similar with those of the above-mentioned cadaveric studies. The obtained redundancy of colon by SFM from the sacral promontory, which is a control point in cadaveric studies, was 27.81 ± 7.29 cm.

The obtained redundancy of the colon in high IMV ligation group (29.54 ± 7.17 cm) was more than that in the low IMV ligation group (24.94 ± 6.07 cm; P \< 0.0001). In addition, our results on the proximal and distal resection margins are sufficient for the oncological concept and complications of anastomosis site were comparable to those of earlier reports.

In our study, SFM was performed routinely even in laparoscopic AR. In laparoscopic AR, many surgeons feel that routine SFM is not necessary for the tension-free anastomosis and oncological aspects [@B10], [@B11], [@B19]. However, the use of SFM in laparoscopic AR may be helpful for avoiding midline skin incisions or left lower quadrant incision which require a transection of the abdominal muscles as well as for tension-free anastomosis. We harvested all of the specimens through a Pfannenstiel incision after SFM in laparoscopic AR or LAR. This allows healthy, non-traumatized tissue to lay over, potentially causing lower rates of infection. In addition, lesser tension of the incision may help prevent the development of incisional hernia. In addition, since the Pfannenstiel incision is in the lower abdomen, it is exposed to less tension from such activities as breathing and coughing or from increased abdominal girth, than in the upper abdomen. Tension on the midline incision is main cause of wound complications, which are likely due to vascular compromise. Consequently, the contamination of wound without appropriate blood flow leads to an even greater risk of complications. Also, the Pfannenstiel incision is more cosmetic than a midline or left lower quadrant transverse incision [@B20]. In this study, there were 2 wound infections (0.9%), one wound hematoma (0.5%), and no incisional hernias. Despite the lack of an objective tool for comparing wound pain, we felt that patients with the Pfannenstiel incision were more comfortable than those without. Although further study is required to identify the advantage of the Pfannenstiel incision, our experience suggests that this incision following SFM during laparoscopic AR or LAR may be a better surgical option.

This study has the limitation of selection bias due to the fact that only patients with availiable data of colon measurement were included not the all patients who underwent laparoscopic AR and LAR. However, it also showed the objective lengths of the viable specimens gained by colonic mobilization with SFM in laparoscopic AR or LAR.

SFM during LA or LAR resection is a safe and feasible option. We think that we can gain about 27 cm redundancy of the colon by SFM. If high IMV ligation is performed, one can gain approximately 5 cm more than low IMV ligation performed. SFM and high IMV ligation provided an approximately 30 cm redundancy of the colon. Therefore SFM can give a safe anastomosis following by proper oncological resection for the treatment of sigmoid and rectal cancer. Also, these results may be worthy as a reference value for selective SFM.
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![Before colon mobilization, we placed a surgical clip on the sigmoid-descending colon junction to mark the spot "A."](ijmsv11p0857g001){#F1}

![We regarded the ligation of the inferior mesenteric vein (IMV) after the left colic vein (LCV) was converged to the IMV as a high ligation. When we performed a high IMV ligation, we always ligated the LCV and left colic artery (LCA) in the same operative field of the IMV ligation (blue lines). Ligation of the IMV before the LCV was converged to IMV was regarded as a low ligation. In low ligation of IMV, we ligated LCA, but did not ligate LCV (yellow lines).](ijmsv11p0857g002){#F2}

![The specimen was delivered to the extraperitoneal space through a Pfannenstiel incision. To determine the obtained redundancy of the colon after splenic flexure mobilization, the measurement was taken from the sacral promontory to the marked spot "A" by using 25-cm long forceps (a). The mobilized colon after splenic flexure mobilization is shown schematically in (b) and (c). The black dot means marked spot "A" before splenic flexure mobilization as initial sigmoid-descending junction and the yellow dot means marked spot "A" after splenic flexure mobilization. The blue dot means sacral promontory. The obtained redundancy of the colon is measured as the distance between the yellow dot and the blue dot (red line).](ijmsv11p0857g003){#F3}

###### 

Data of 203 patients who underwent laparoscopic splenic flexure mobilization

                                                    Mean ± S.D.      Range
  ------------------------------------------------- ---------------- -----------
  BMI^†^                                            24.03 ± 3.62     14.5-35.5
  From SP^‡^ (cm)                                   27.81 ± 7.29     9-59
  DRM^§^ (cm)                                       6.83 ± 4.45      0.4-35.5
  PRM^∥^ (cm)                                       16.18 ± 6.83     2-40
  Specimen length (cm)                              25.90 ± 5.57     10-45
  Operation time (minutes)                          236.86 ± 54.31   145-475
  The time required for SFM^¶^ (minutes)            25.61 ± 10.56    9-60
  The time required for SFM^¶^/Operation time (%)   9.82 ± 3.94      2.9-27.9

†, Body mass index; ‡, distance between marked spot \'A\' and sacral promontory; §, distal resection margin; ∥, proximal resection margin; ¶, splenic flexure mobilization

###### 

Comparison of the data between low and high ligation of the inferior mesenteric vein

  ----------------------------------------------------------------------------------------------
                                                    Low ligation\    High ligation\   P-value
                                                    (n = 69)         (n = 134)        
  ------------------------------------------------- ---------------- ---------------- ----------
  From SP^‡^ (cm)                                   24.94 ± 6.07     29.54 ± 7.17     \<0.0001

  DRM^§^ (cm)                                       6.73 ± 4.36      6.77 ± 4.46      0.941

  PRM^∥^ (cm)                                       14.75 ± 5.35     16.91 ± 7.27     0.035

  Specimen length (cm)                              24.43 ± 4.96     26.53 ± 5.74     0.013

  Operation time (minutes)                          257.06 ± 50.65   266.74 ± 56.07   0.242

  The time required for SFM^¶^ (minutes)            26.57 ± 11.53    25.10 ± 9.885    0.175

  The time required for SFM^¶^/Operation time (%)   10.39 ± 4.40     9.55 ± 3.61      0.290
  ----------------------------------------------------------------------------------------------

†, Body mass index; ‡, distance between marked spot \'A\' and sacral promontory; §, distal resection margin; ∥, proximal resection margin; ¶, splenic flexure mobilization

###### 

Comparison of the data among the AR, LAR, and LAR with diverting stoma procedures

  ----------------------------------------------------------------------------------------------------------------
                                           AR\              LAR\            LAR with diverting stoma\   P-value
                                           (n = 78)         (n = 39)        (n = 86)                    
  ---------------------------------------- ---------------- --------------- --------------------------- ----------
  From SP^‡^ (cm)                          26.65 ± 7.65     28.46 ± 7.23    28.57 ± 6.92                0.202

  DRM^§^ (cm)                              8.75 ± 4.04      6.21 ± 2.69     5.35 ± 4.84                 \<0.0001

  PRM^∥^ (cm)                              12.29 ± 4.23     15.85 ± 6.43    19.86 ± 6.96                \<0.0001

  Specimen length (cm)                     24.01 ± 5.10     26.44 ± 5.99    27.36 ± 5.34                \<0.0001

  Operation time (minutes)                 228.58 ± 39.69   267.15 ±41.56   294.37 ± 52.17              \<0.0001

  The time required for SFM^¶^ (minutes)   26.33 ± 11.31    26.38 ± 10.46   24.58 ± 9.92                0.549

  The time required for SFM^¶^/\           11.45 ± 4.46     9.86 ± 3.18     8.27 ± 3.06                 \<0.0001
  Operation time (%)                                                                                    
  ----------------------------------------------------------------------------------------------------------------

†, Body mass index; ‡, distance between marked spot \'A\' and sacral promontory; §, distal resection margin; ∥, proximal resection margin; ¶, splenic flexure mobilization
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